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Experimental Results 7
Hemolytic acitvity of lyophilizeO plague bacilli was

manifest either immediately after drying, or only after 1-2
days to 1-2 month= of storage in the refrigerator. In the
latter case it gradually increased to a definite level, after
which it remsiaed unchanged for at least two years (the length
of our observation of lyophilized preparations). In some.
the hemolytic activity of lyophilized plague bacilli was 7-8
times higher than that of rinsed and aerated plague bact1li
not subject to lyophilization (Tkachenko, 1961a).

The relationship between the jynamics of increment in
hemolytic properties of lyophilized plague bacilli and the
growing conditions of the original cultures before they were
lyophilized could not be established. On the other hand,
judging from the rates at which autolysis developed in the
rinsed bacterial mass [See Note], we can assume that the more
strongly prcnounced are the autolytic processes in the mass
before lyoph'lization, the earlier and more intensively does
the hemolytic activity of rinsed plague bacilli after lyophil-
ization appear. Even after brief storage of the original
plague bacillus cultures, when their rinsing did not succeed
in revealing appreciable signs of autolysis, the lyophilized
preparations evidenced hemolytic activity, and during the
storage of these preparations it often attained the same value
as for distinct Nigns of autolysis. This last fact led to
the thought that in and of itself the process of drying bac-
teria from the frozen state, promoting autolysis of cells,
favors increase in the hemolytic activity of the lyophilized
preparations durJig their storage period.

([Note]: In distinct autolysis rinsed bacterial mass
became slimy and highly viscous.)

Therefore, apparently a definite parallel exists be-
tween the decay of plague bacillus cells and the liberation
of a hemolytic factor from the cells.

Based on the intermittent relationship between the
plague hemolysin and the structure of the bacterial cell, we
attempted to find out precisely which components of these
bacterial cells are related to the hemolytic activity of the
plague bacillus. With this purpose in mind we investigated
water-soluble toxic and water-insoluble fractions, and also
the lipopolyuaccharide of the plague bacillus in final con-
centrations of 1.2 mg/al and 2.5 mg/ml.
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According to the results of our experiments, not one
of the water-soluble fractions (I, II, III, and IV) accord-
ing to Walker, IA, IB, and II [See Note 1) according to Baker
et al proved capable of inducing lysis of rinsed guinea pig
and rabbit erythrocytes at 370 for three hours. The plague
bacillus lipopolysaccharide was also devoid of hemolytic prop-
erties. Also these preparations proved to be hemolytically
inactive in the presence of calcium ions (final dilution 2.5.
10-4 M and 3.25 • 10-3 M) an4 magnesium ions (final diluation
3.25 • 10- 3 M), common lipase activators, including C-leci-
thinase of Bac. perfringens (MacFarlane and Knight, 1941)
[See Ncte |. I

([Notc:]: The LD50 for white mice (according to Read
and Mench) equalied about 5-10 grams.) I

([Note]: Ordinary and buffered 0u.033 M veronal buf-
fer, pH 7.5) physiological saline solutions were used as me-
dia.)

In parallel experiments a preparation of the Bac. per-
fringens toxin induced 50% lysis of rinsed guinea pig and
rabbit erytlrocytes during half an hour with and without the
presence of calcium and magnesium ions.

Water-insoluble residues of plague bacillus proved
hemolytically active when fractionated according to the Walk-
er method as modified by I. V. Domaradskiy and following the
method of Baker et al.

The quantitative estimate of hemolytic activity of
dried water-insoluble residues was made from the mean values
of the yield of the latter upon fractionation (Table 1) and
recalculation of hemolytic activity for the integral bacter-
ial cells was made.

Hemolytic activity of water-insoluble residues at the
final concentration, which was I that of the original lyophil-
ized bacteria, was 10-12 and even 20 times higher, but the
hemolytic activity of rinsed and aerated plague bacilli not
undergoing lyophilization was 60-130 times greater [than the
starting lyophilized bacteria].

In some cases hemolytic activity of just prepared
water-insoluble residues, as true also in the case of lyophil-
ized plague bacillus cultures, somewhat increased during 3tor-
age,but this increase was relatively :apid and short-lived.
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Table 1

Mean Yield of Water-Soluble Residues upon Fraction-
ation of Plague Bacillus According to the Method of
Baker et al, and According to the Walker Method as

Modified by I. V. Domaradskiy et al

OpCuKoNuposaxwe -

14yONRM 6awrepR 17 EB

no Cnoco6y SBeKe.
pa H A p...... 40,00 42. . 45,6%
no cnoco6y Yoxepa a
MOAiHXaUH H. B.
MAPaACKoro N AP). 5S35627%

[Legend:] a) fractionation of plague bacilli;
b) vaccine strains; c) according to the
method of Baker et al.; d) according to the
Walker method as modified by I. V. Domaradskiy.

Lyophilized plague bacillus preparations and their
water-insoluble residues proved to be hemolytically more ac-
tive than those acetone-Iried. This difference is especially
appreciable in the compnrison made of hemolytic activity of
water-insoluble plague acillus residues obtained upon lyo-
philization with those obtained following acetone drying
(Table 2).

Graphically, the course of the hemolysis reaction with
time [See note] in the testing of lyophilized plague bacilli
and their water-insoluble residues, as true also for rinsed
aerated bacteria not undergoing lyophilization, takes the
form of an S-shaped curve. But this curve is characterized

by a steeper ascent in the case of the lyophilized bacteria
and especially in the case of their lyophilized water-insolu-

ble residues.

([Note]: In the cnstruction of the graph extinction

values obtained from sample colorimetry were plotted on the
ordinate axis, and on the tbscissae axis -- incubation rates
of each of the samples (in minutes).)

A definite relationship was found to hold between the

concentration of the preparation tested and the time 50% hemo-
lysis occurred. Under our experimental conditions the time of
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Table 2

Hemolytic Activity of Rinsed Plague Bacilli and
Their Water-Insoluble Residues According to Baker
et al Following Lyophilization and Following Ace-

tone-Drying

ri ce fnr;nsecxaq aKTHflV:OCTb I,
I )Cioniiux eAnHHUX 110 AHH1

4 HaiicI 1o8aHHe H HCflhhTdI'Hi
CnOCO6 Cyuil FR.

'A npelapa V cpa3y.
S I. i ueK OnlWTaX

I SoupaceSopsUMA

OCAOKX I A 00MUR 386 400,0 (4(pe3 21 CTM
• . o6pa6oTxa a~jeTro-IoTu e.,' j 32,3 . 2 (qepC3 21 CYThH)

17 OTUTWe 6axTepHrN
N2 OcbJHAH3a axe V 0 25.6 (4epe3 32 CyTOK)& I

* . o~pa6omxa ae

HOm 0 10,8 (Nepe3 32 CyTOK) n&

* BoaoHepacT5opHMb1A 4'
OCTaTOK N 2a ' ' .oPH.3aHUwi e 350,0 417,6 (4epea 11 CyTOK)S

So6pa6oTra aeT
mom 31,5 31,6 (4epe3 11 CYTOK) @

* OTMrIie 6aKTepmH H;' ne NCMb-
St 3 W' 1OHAHMUHR~ E) gsAacbi25,2 (cnyCTS I ron) 0j

o&pa6otxa J 14,0 (cnycra I roA) (D

* OTmuume EaxrepHw M o¢1I.H.auHA E) 25,2 (cnycs I ro:a)tj)

• , o6pa6oTKa auelfl.
HOA 11,2 (cnycrX I rolA)

EB OTNI.Imie 6SXTep-iX A JHOPHJHMAURa 0 25,2 (Repe3 29 CYTK)
• . o~pa6oTXa U eTakHO 0 15,2 (4epe3 32 cyToK)(

[Legend:] a) strain; b) name and number of
preparation: c) drying method; d) hemolytic
activity in arbitrary units from testing data;
e) immediately after drying; f) in subsequent
experiments; g) water-insoluble residue No 1
a; h) rinsed bacteria No 2; 1) water-insolu-
ble residue No 2 &; J) rinsed bacteria No 3;
k) rinsed bacteria No 4; 1) rinsed bacteria
No 5; M) lyoplAilization; n) acetone treat-

ment; o) not tested; p) (in 21 days); q)
(in 32 days); r) (in one year); s) (in 11
days); t) (in 29 days).
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50% hemolysis remained unchanged when the concentration ex-
ceeded the final value of 1.25 mg/ml for lyophilized plague
bacillus culture and 0.312 mg/ml for its water-insoluble re-
sidue; accordingly, the concentration indicated were used
in subsequent experiments.

Hemolytic activity of lyophilized plague bacilli and
their water-insoluble residues remained essentially unchanged
after preliminary boiling for three hours. Hemolytic proper-
ties of these preparations were similar to those of rinsed
aerated but nonlyophilized plague bacilli and in their capa-
city to cause lysis of rinsed guinea pig erythrocytes at 4*.
However, lyophilized bacteria proved to be more active than
nonlyophilized by approximately fourfold, and lyophilized
water-insoluble residues -- by approximately 50-60 times.

Hemolytic activity of lyophilized preparations, true
also for einsed aerated but nonlyophilized plague bacilli,

-'uppressed bN proteii. Native sheep, equine, and guinea
pig sera suppress hwmolyti. activity of lycpht±1 rlagje
bacilli and their water-insoluble residues according to Baker
et al by approximately the same extent. Also demonstrating
an inhibiting effect, although less pronounced, is lyophiliz-
ed purified gamma-globulin of equine serum, both normal and
anti-plague, where the inhibiting strenth of latter is com-
pletely identical. This fact indicates that the inhibiting
effect of protein on the activity of plague hemolysin is evi-
dently devoid of a specific character. Egg albumin proved
to have a still less pronounced inhibiting eilect on the ac-
tivity of plague hemolysin. All the protein preparations
tested in our experiments were used at a final concentration
of 0.75% (based on the protein, determined refractometrically)
per sample.

Finally, like the hemolytic activity of rinsed and
aerated plague bacilli the hemolytic activity of lyophilized
bacilli and their water-insoluble residues was inhibited by
adding calcium ions. Thus, for example, calcium ions (in a
final concentration of 2.54 . 10-4 M) reduced hemolytic ac-
tivity of lyophilized water-insoluble residues of plague ba-
cilli of strains 17 and EB according to Baker ot &I by approx-
imately 3-3.2 times. The hemolytic activity of the original
lyophilized plague bacillus cultures were inhibited still more
sharply.

It was found in addition thatthe hemolytic activity of
lyophilized preparations is inhibited also, although to a
lesser extent, by magnesium ions (in a final concentration of
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3.2 10-3 M). Cholesterol added to a final concentration
of 0.29% also inhibits hemolysis caused by lyophilized plague
bacillus preparations [See Note].

([Note]: The cholesterol was emulsified in an 0.1%
sunflower oil emulsion. This cholesterol emulsion also fail-
ed to induce hymolysis.)

The hemolytic activity of lyophilized cultures and of
the derived water-insoluble plague bacillus residues, in con-
trast to the activity of rinsed aerated cultures, proved to
be dependent on the pH value of the medium (0.16 M phosphate
buffer, pH 5.65, 7.21, and7.73; 0.16 M phosphate-citrate
buffer, pH 5.62, 7.01, ",nd 7.63): at pH < 7.0 the hemolytic
activity was less than at pH > 7.0. However, the relationship
observed has some peculiarities for each of the preparations

tested. For example, the hemolytic activity of one of the
lyophilized plague bacillus cultures of strain EB at pH - 5.65
was reduced by 30%, but increased by 40% at pH - 7.73 compared
to its value at pH - 7.0. The hemolytic activity of lyophi-
i7pd water-insolublp residue ottpined :;c. Liz.s culture, ac-
cording to Baker et al, was reduced by 80% at pH - 5.65, but
at pH - 7.73 it was augmented by 120%. The hemolytic activi-
ty of lyophilized water-insoluble piague bacillus residue
varied very substantially upon shifts in pH of the medium on
the acidic or alkaline side, apart from dependence on the
length of storage of the p.eparations tested. Hemolytic prop-
erties of the original lyophilized bacillus cultures as a
function of medium pH prevailed only in the testing of prep-
arations stored for more than a year.

Change in hemolytic activity of lyophilized plague
bacilli and especially of their lyophilized water-insoluble
residues with change in pH of the medium in inversely propor-
tional to the final concentration of these preparations in
experiment; when the concentration was increased the dif-
ference of its hemolytic activity in the acidic and in the
alkaline medium became less pronounced.

Finally, in contrast to rinsed and aerated plague ba-
cilli, lyophilized water-insoluble residues, according to
Baker et al, proved capable of lyzing rinsed human erythrocy-
tes, in terms of sensitivity to hemolytic action of lyophiliz-
ed plague bacillus cultures and of their water-insoluble *e-
sidues rinsed animal and human erythrocytes were ranked in
the following decreasing crder: guinca pig - horse - xibbit -
man - sheep.
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!I
Water-insoluble residues also with respect to rinsed

erythrocytes of other animals and man were tens of times
more hemolytically activt than lyophilized plague bacillus
cultures of the strains 17 and EB.

According to the data of Ye. M. Gubarev and N. N. Ivan-
ovskiy (1958) et al, hemnysis irduced by plague bacillus cf~n
be caused by volatile bases forming in the decomposition of
bacterial cells, first of all -- amaonia. Ammonia is capable
of forming a base and inducing typical alkaline hemolysis by
generating in the medium an excess of hydroxyl ions. In addi-
tion, ammonium ions in all probability are not devoid of
hemolytic properties. Thus, acrording to the data of Bell
and Krantz (1959), ammonium chloride in a oncentration close
to the isotonic (0.15 M) lyzes human erythrocytes, while thio
hemolysis is suppressed ic equal measure by chlorides of sev-
eral alkali metals, such as lithium, potassium, etc. We also
know that alkaline hemolysis is inhibited by several sugars
(Morita, 1959).

In our experiments hemolytic activity of ammonia used
in the ammonium hydroxide form, diluted in isotonic solution
(0.16 V) of glucose, saccharore, and lactose to a final con-
centration of 0.007 M, was almost 50% less compared to the
activity of ammonia diluted in physiological saline solution
under otherwise equal conditions. Lyophilised rinsed aerated
plague bacilli and their Tater-insoluble residues; having been
suspended together with rinsed guinea pig erythrocytes both
in a physiological saline solution as well as in isotonic
solutions of the above listed sugars, evidenced almost iden-
tical hemolytic properties. In addition, some decrease in
hemolytic activity was noted in the presence of the sugars
used for lyophilized unrinsed plague bacilli (dry live EB vac-
cine) under otherwise equal ccnditions.

Further, in our experiments ammonium chloride diluted
in an isotonic solution of glucose to a final concentration
of 0.16 V, proved capable of inducing the lysis of rinsed
guinea pig erythrocytes. Cations of the alkali metals Li and
K, used in the chloride form in the final concentrat ion of
0.16 N, reduced by almost twofold the activity of amonium
chloride and had completely no effect on the activity of the
lyophilized rinsed aerated plague bacilli and of their water-
insoluble residues, resulting in some decrease in activity
only in lyophilized unrinsed plague bacilli.

The experiments quite convincingly demonstrated that
hemolysis induced by plague bacillus and involved with the
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decay products of bacterial cells is not likely to be cau:-ed
by the activity of volatile organic bases, inc'.ding ammo,.AA;
at least, 1he latter has altogether no dete-.,jning effect on
the hemolytic properties of rinsed r 1%;z bacilli and of their
water-insoluble residues. The activity of volatile bases azjx
ammonia can determine to some extent the hemolytic properties
of plague bacilli only when raised in blood-cortaining media,
which we noted earlier in a description of thc lysis of canine
erythrocytes (Tkachenko, 1961, unpublished data) or in the
testing of unrinsed plague baciil in the experiments describ-
ed above.

Discussion

The results of the studies showed that despite the
data of G. D. Belonovksiy (1904), S. I. Zaplatine (1959), et
al hemolytic activity of pla'ue bacilli has not reiationship
to its toxin. Our cata is in complete agreement with the as-
sertioji of Delaunay and Lebrun (1947) et al on the lack of
hemolytic properties of toxins of gram-negative bacteria.

Noting that hemolytic properties are shovn by toxic
plague bacilli fractions [See Note], S. I. Zaplatine (1959)
described the lecithinasic i.ctivity of these fractions and,
coordinating their hemolytic: activity with the lecithinasic,
concluded thr plague toxin is analogous to alpha-toxin of
Bac. perfr 6 ens.

([Note): In our investigations we could not obtain
and test fractions studied by S. I. Zaplatina (1959), since
we have not found a detailed description of the original
method of deriving these fractions, although S. 1. Zaplatina
made a -^!Prence to aaother study (Gubare- et al, 1955). In
the lat-er it is in fact stated that the ioethod is based on
"fractionation of proteins soluble in weak salt solutions...
by precipitation with different concentrations of amuonium
sulfate," which incidentally lies at the basis of, for ex-
ample, the method of Baker et al which we have used,)

Plague bacillus and its fractions are devoid in general
of lipolytic properties (Rykova and Donaradskiy, 1961, unpub-
lished data). Essel'man and Liu (1961) have shown that grow-
ing plague bacillus cultures have no lecithinasic activity.
Moreover, lecithinasic activity is absent in hemolytically
active residues (Douaradskiy et al, 1962). According to the
data of MacFarland and Kight (1941), MacFarland et al (1941).
lecithinasic activity and hemolytic activity of the Bac. per-
fringens toxin invariably accompany each other. Fina-T,

- 10 -



toxic plague bacillus fractions not evidencing hesolytic
properties under the conditions of our experiet44. have prov-
ed to also lack lecithinasic activity (Dosaradskiy et al,
1962).

Thus, plague bacillus does not exhibit Iscithinasic
activity, and its hemolytic properties by their nature are
wholly distinct from the hemolytic properties of the Bac.
perfringen:i alpha-toxin.

The activity of plague henolysin with respect to the
erythrocytes of many animals and man, its thermal stability,
the inhibiting effect of protein, cholesterol, ions of cal-

cium, magnesium, and hydrogen, and the activating effect of
hydroxyl ions -- all these features of plague bacillus hemo-
lytic activity compel the assumption that the activity of
higher fatty acids underlie its character.

Conclusions

1. Lyophilized plague bacillus cultures are charac-
terized by the presence of relatively weakly pronounced hemo-
lytic properties, and the hemolytic activity of lyophilized
plague bacillis is in direct dependence on the ext~nt of their

autolysis.

2. When lyophilized plague bacilli are fractionated
their toxic fractions are devoid of hemolytic properties; the
water-insoluble plague bacillus residues not showing lecithin-
asic activity are hemolytically active.

3. Hemolytic activity of lyophilized water-insoluable
.-esidues is ten times greater than the activity of the orig-
inal lyophilized plague bacilli.

4. The hemolytic activity of water-insoluble residues

are analogous to the activity of rinsed and aerated plague
bacilli both before and after their lyophilization with re-
spect to several properties (thermal stability, extent of ac-
tivity toward erythrocytes of various animals, inhibiting ac-
tion of protein, calcium ions, etc,).

5. Distinguishing features of the hemolytic activity
of lyophilized plague bacilli and their water-insoluble resi-
dues is the constancy of the activity, its inhibition by ex-
cess H ions, and activation by excess OH ions, the capacity
to lyse human erythrocytes.

11I -



6. Hemolytic properties of lyophilized plague bacilli
and their water-insoluble residues are inhibited in the pre-
sence of magnesium ions and coolesterol.

7. Hem'olytic activity of rinsed plague bacilli and
their water-insoluble residues following aceton drying is
considerably less than following lyophilizat ion of the plague
baci lli.

LITERATURE

Belonovskiy, D. D.., "Hemolysins of Plague Toxins," Arkhiv
biologicheskikh nauk (Archives of Biological Scien-
ces), 1904, Vol 10, o 4.

Gubarev, Ye. M., Zaplativa, S. I., and Konnova, A. M., "Frac-
tionating Studies of Protein Components of the Plague
Bacillus," Mezhinstitutskaya nauchnaya konferentsiya
po voprosazz iMroglologii, Immunologii, laboratornoy
diagnostiki i terapii osobo opasnykii infektsly I proiz-
vodstvu rbakferiynykb preparatbiv TTnterinstitute Scien-
tific Confeence on Problems oMicrobiology, Immuno-
logy, Laboratory Diagnosis and Therapy of Expecially
Dangerous Infections, and the Production of Bacterial
Preparations), Ministry of Public Health USSR, "Mikrob"
Institute, Saratov, 1955.

Domaradskiy, 1. V. Yaromyuk, G. A., and Kalmykova, A. P. "New
Method of Obtaining Toxic, Immunogenic, and Fibrinoly-
tically Active Plague Bacillus Fractions," Dokiady
Irkutskogo protivochumnogo instituta (ReporTsi-of-The
Tirkutsk Anti-Plague Instltute), No-2, Chita, 1961.

Druzhinina, K. V. and Kritsman, M. G. "Lec4.thinase of Animal
Tissues," Biokhimiya (Biochemistry), 1952, Vol 17. No 1.

Zaplatina, S. I., "Study of the Encynatic Character of Plague
Bacillus toxins," Trudy Rostovskogo-na-Donu gosudar-
stvennogo nauchno-issledovat-e-1 skogo protizochEumnogo
Instituta1 ~Wrks of the Rostov-na_135n State S lenttic-
Research Anti-Plague Institute), Vol 15, No 1, Rostov-
na-Don, 1959.

Tkachenko, V. V., "Hemolytic Properties of Rinsed Plague Ba-
cillus Cultures," Doklady Irkutskogo protivochumnogo
instituta, No 1, 1ian-Ude, lubla.

-12-



Tkachenko, V. V., "Method of Estimating Hemolysis Reaction
by Using the FEK-N Photoelectric-Colorimeter," Dok-
lady Irkutskogo protivochumnogo instituta, No l7U-lan-
Mde, 1961-b.

Baker, H. E., Soimmer, H., Foster, L. E., Meyer, E., and Meyer,
K. F., "Studies of Immunication against plague 1. The
Isolation of the Soluble Antigen of P. Pestis." J.

Immunol., 1952, Vol 62, No 2.

Bell, F. K., Krantz, J. C. Jr., "Effect of Ions of Alkali
Metals on Hemolytic Action of Ammonium Chloride,"
Arch. Internat. Pharm., 1959, Vol 121, No 1-2.

Davies, D. A. L., "Smooth and Rough Antigens of Past. Pseudo-
tuberculosis," J. Gen. Microbial., 1959, Vol 19, io1

Delaunay, A. and Lebrun, J., "Le mode d'action des endotox-
ines bacteriennes. 1. Introduction a une etude gen-
erale," Ann Insti. Pasteur, 1947, Vol 73, No 6.

Esselman, M. T. and Liu, P. V., 'Lecithinase Production by
Gram Negative Bacteria," J. Bacteriol., 1961, Vol 81,
No 6.

MacFarlane, M. G. and Knight, B. C, J. G., "The Biochemistry
of Bacterial Toxins. 1. The Lecithinase Activity of
Cl. Welchii Toxins," Biochen. J., 1941, Vol 35.

MacFarlane, M. G., Oakley, C. L. and Anderson, C. G., "Hemoly-
sis and Production of Opalescence in Serum and Leci-
thovitellin by the - Toxin of Cl. Welchii," J. Path.
and Bact., 1941, Vol 52.

Morita, K. I., "Inhibiting Action of Sugars on Alkaline Hewno-
lysis, "(in Japanese), Shikoku Act& Med,, 1959, Vol 14.

Walker, J. "A Method for the Isolation of Toxic and Immuniz-
ing Fractions from Bacterial of the Salmonella Group."
Biochem. J., 1940, Vol 34, No 3.

-END -

-13 -


